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Introduction
Studies indicate that the sensory system becomes functional in a specific and invariant order with tactile sensing abilities to develop first (e.g. Lickliter & Bahrick, 2016) . The face becomes sensitive to touch by around 7 week's gestational age (Hooker, 1952; Humphrey, 1972) and the hands by around 10 weeks gestational age (Hooker, 1952; Humphrey, 1972) .
Hence, tactile stimulation is the first stimulation a fetus will be exposed to. Research suggests that touch behaviours are intentional and possibly planned from an early age onward in that neonates and infants move their hands toward their mouths either directly or indirectly by initially making contact with the perioral region of the face and opening their mouths in anticipation of the arrival of their hands (e.g., Butterworth & Hopkins, 1988; Blass, Fillion, Rochat, Hoffmeyer, & Metzger, 1989; Rochat, Blass, & Hoffmeyer, 1988; Takaya, Konishi, Bos, & Einspieler, 2003) . Similar claims have been made for fetuses (e.g. Reissland et al.,2014) .
Prenatally, the functional significance of touch could be that it affords fetuses the first opportunity to learn about the areas and variations of sensitivity of their body as well as define their body limit in relation to the intrauterine environment (Kravitz, Goldenberg, & Neyhus, 1978) and potentially the extra-uterine environment as suggested by Marx & Nagy (2015) . Through touch fetuses might learn a sense of self by differentiating between their own body and others, including the external environment and other bodies. This suggestion is based on studies indicating that somatic sensation allows the animal or person through their touch to generate information necessary to identify or differentiate between objects and physical stimuli that come into contact with their body. Khazipov, et. al. (2004) found that sensory feedback from spontaneous fetal movements in rats played an important role in establishing a mental representation of the body in the somatosensory cortex. Yamada, et. al. 4 (2016) developed this research further by developing a robot model based on an integrated system of brain-body and environmental interactions which the researchers based on human anatomical and physiological data. They tested their model under human intra-uterine conditions and suggest that intra-uterine stimulation through touch could provide the foundations for cortical learning of body representations which are hypothesized to provide foundations for postnatal visual-somatosensory integration.
After birth the fetus will seek out the nipple by rooting, namely crawling towards the nipple, which is a behaviour related to their neurobehavioral maturity (Radzyminski, 2005) . Hence one potential functional development is related to feeding abilities in general and specifically to their ability to initiate breastfeeding successfully. Others argue that the reason for selfexploration of their bodies leading for example to thumb sucking (Feldman & Brody, 1978) or general self-touch (Rock, Trainor &Addison, 1999) could have the function of arousal regulation. Weiss (2005) suggests that, if prenatally there is insufficient experience with touch sensations, neurosensory organization could be compromised.
More cognitive explanations have been offered by Butterworth and Hopkins (1988) , who propose that self-touch and specifically hand-mouth touch is evidence for goal directed behaviour and the development of intention. This suggestion is supported by research with neonates, which demonstrates that new-born infants perform hand-mouth touch action only when they can taste a drop of sweet solution but not when receiving a drop of water. Casual observations by a number of researchers (e.g. de Vries, Visser, & Prechtl, 1982; Hepper, Shahidullah, & White, 1991; Kurjak, et. al., 2003; Hata, et. al., 2010) of fetal ultrasound images indicating fetal ability to introduce a finger, part of the arm or umbilical cord into the mouth, suggest that ability to coordinate movements develops prenatally.
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Fetal Sensitivity to touch and the effects of touch on body movement
Although historically fetuses were said to live in a sensory deprived environment (Windle, 1940) , Bradley & Mistretta (1975) argued that, even though they are to some extent buffered by amniotic fluid, fetuses experience tactile stimulation through their own, as well as maternal, movements. In fact, research indicates that tactile stimulation is essential for healthy development (e.g. Ardiel & Rankin, 2010) . For example, Kuniyoshi & Sangawa (2006) developed self-organizing neural robot models of the human body, which were able to learn through movements the sensory and motor structure of normal human infant motor development. In studies examining tactile functions, Mori & Kuniyoshi (2010) simulated self-organizing behaviours of movements in the human fetus. They argued that tactile stimulation is the dominant sensory experience because tactile stimulation can be elicited through self-stimulation in response to fetal movement. Hence, they suggest that the fetus learns tactile-motor contingencies. Based on this assumption they developed a simulation of fetal motor development induced by tactile sensations. Yamada et al (2016) found that the intra-uterine environment which is spatially restricted exerts pressure which leads to tactile sensory feedback correlated across body parts. They argue that these physical restrictions may be beneficial and enable the development of a cortical map of the body. The development of a cortical map is essential for normal human development (Dazan, et. al., 2006) . Without such cortical maps the infant might not be able to direct touch intentionally to their own body or reach other bodies (e.g. hands) or objects. Additionally, the area which the fetus touches, such as the mouth region, corresponds to developmental sensitivity of the skin as fetuses mature. Sensitivity of various areas of the body has been tested in humans and can be seen in Fig 1, with the more sensitive areas show more sensibly spaced nerve endings. patterns relating to the body parts based on both proprioception and tactile sensory feedback which resulted in the learning of body representations. This is the basis then on which we can argue that as fetuses move they will learn about their bodies.
Cross cultural differences in fetal touch behaviour and general movement
Cross cultural studies have concentrated on gait, such as crawling, standing, walking or sitting (Karasik, et. al., 2010) and found that infant massage with vigorous movements such as stretching and tossing the infant up in the air, such as used in India and Nepal (Reissland & Burghart, 1987) , results in sitting and walking at earlier ages than infants not exposed to such 7 movements (Hopkins & Westra, 1988) . However other types of movements are rarely studied cross-culturally in prenatal populations. Reissland et al (2015) analysed fetal self-touch behaviours comparing 4 low birth weight (<2500 grams) Japanese fetuses with 3 low birth weight English fetuses and found an indication of differences in touch, with Japanese fetuses seemingly showing more touch compared with English fetuses. The reasons for the observed differences are unclear.
However, clues to the differences in behaviour might relate to maternal factors. Lai, et. al. (2016) suggest that the key determinant of fetal healthy development relates to adequate perfusion and oxygen transfer which is dependent on a well-functioning placenta which results in a full term fetus with healthy weight as assessed by Apgar scores. Apgar scores indicate healthy development, through a rating of colour, heart rate, muscle tone, etc. of the new-born at 1 and 5 minutes after birth, with a maximum score of 10 indicating optimal health of the new-born. , testing fetal movements in Japanese and Croation fetuses using Kurjak's antenatal neurodevelopmental test (KANET, Kurjak, et. al., 2008) , found that although the KANET score was in the normal range in both populations, there was a significant difference in total KANET scores between Japanese (median, 14; range, 10-16) and Croatian fetuses (median, 12; range, 10-15) . These authors also recorded maternal factors and infant outcome at birth. There were significant differences in the Japanese and Croatian groups in terms of maternal age, parity, infant birth weight, as well as infant Apgar scores at 1 and 5 min recorded for Japanese and Croatian offspring, which all might be factors contributing to the cultural differences observed. Di Pietro, et. al. ( 2004) studied fetal general movements using a fetal actocardiograph rather than analysing fetal movements in ultrasound as was the case in the studies by Reissland et al (2015) and Hanaoka et al. (2016) . They recorded fetal general movements with the actocardiograph from 8 20 to 38 weeks gestation. In their analysis of fetal general movements they found significant differences between fetuses observed in Lima (Peru) and Baltimore, Maryland (USA) with the fetuses from Baltimore moving more compared with fetuses in Lima but with a similar trend of a decrease in general movements from 20-38 weeks gestation. Again, as in previous studies, there were differences in maternal factors in the two groups with women from the US having a heavier pre-pregnancy weight of 68.2 kg compared with 54.8 kg in Lima. The infants' weights also differed, with US infants being slightly heavier at a mean of 3,520 grams compared with infants from Lima with a mean weight of 3,214 grams at birth. In sum, the results on cross cultural studies are uncertain and need to be examined in more detail using the same coding system of fetal movements and controlling for maternal factors.
Fetal action planning and goal directed action
In a kinematic study Zoia, et. al. (2007) examined whether fetal hand movements were planned. They performed a kinematic analysis of hand movements directed towards the mouth and eyes by 8 fetuses observed at 14, 18, and 22 weeks of gestation. They found that by 22 weeks, kinematic patterns of fetal movements varied depending on the goal of the action. Specifically the speed with which fetuses either moved their hands toward either the eye or the mouth varied, being slower for movements directed toward the eye compared with movements directed towards the mouth.
One might surmise that fetal facial touch is constrained by gestational age with fetuses at later gestational ages being able to touch fewer areas of the head and face. However, research indicates that fetuses are able to flex their elbows; necessary for touching various parts of the head, face and mouth. For example, Ververs, et. al. (1998) reported that 10 fetuses, which they observed longitudinally, were able to flex their elbows at 24 weeks 93% of the time observed increasing by 3% to 96% of the time of observed at 36 weeks. In a study by From 24-36 weeks of gestation fetuses in this study touched the upper part of their head less as they developed with rate of touch declining by around 9% of each week of gestational age.
The rate of decrease of the side of the face (see Fig. 3 as an example of side of the face touch) was around 10% for each week of gestational age. 
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In contrast touches of the lower part of the face increased with age by around 4% for each week of gestational age but the most significant increase was touch of the perioral region of the face with the rate of touch increasing by around 7 % for each week of gestational age (see Fig. 4 ). Hence, it is suggested that fetuses move their hands and explore the region of the face of prime important for postnatal life such as getting ready to feed from breast or bottle after birth.
Fig. 4 Fetus touching perioral region of the face
Some researchers report that fetal hand-to-face movements, although possible, appear to occur less frequently than those observed in neonates. According to Butterworth and Hopkins (1988) , human neonates showed arm movements toward the face 3.48 times on average per minute observation. On the other hand, fetal arm movements observed in 2D scans occurred 0.2 times on an average per minute of observation Sparling et al. (1999) also counted the frequencies of "hand to/at/near mouth" movements in 1-day-old neonates in addition to those of the fetuses observed in 2D scans. They reported that although the frequencies of hand to face movements decreased in fetuses from 26 weeks to 37 weeks gestation to approximately 11 0.2 hand to face movements per minute observed at 37 weeks, when observed after birth at the age of one day, neonatal arm movements increased to 1.2 movements per minute.
Nevertheless, prenatal practice of hand-face contacts may be responsible for highly organized inter-sensorimotor patterns observed immediately after birth (Butterworth & Hopkins, 1988) .
Indeed, prenatal practice starts early in life with reactive touch being observed from the first trimester of fetal life (e.g., Piontelli, 2010) . However, the coordination of anticipated touch is neurologically more complex than reactive touch necessitating an increased level of motor control (Zoia, et, al., 2007) . This increased level of motor control implies some action planning (Zoia et al., 2007) and hence arguably cognitive maturation which would be expected to occur later in fetal development.
Regarding specific "intentional" goal directed behaviours, if neonates already have some knowledge of their own bodies, the well-coordinated movements between their hands and mouths might have developed in the uterus. Indeed, human fetal thumb (or other finger) sucking can be observed as early as 10 to 15 weeks of gestation (e.g., de Vries, Visser, & Prechtl, 1982; Hepper, Shahidullah, & White, 1991) . Whether such fetal hand-mouth coordination might occur accidentally was investigated by Myowa-Yamakoshi & Takeshita (2006) . If human fetuses were capable of coordinating hand and oral activities, then they would observe well-organized or controlled patterns in their hand-mouth coordination. They observed in a cross sectional study of 27 fetuses, divided into a younger group with a mean age of 24.6 weeks (range 19-27 weeks) and an older group with a mean age of 31.6 weeks (range 28-35 weeks) , that approximately half of the observed arm movements resulted in hands touching the mouth with no developmental differences between the two groups.
Additionally, they report that the results showed that a minority of 30% of the observed fetuses did not show any directional movements of the hand to the mouth. However, in this 12 study it was not clear if fetuses touched "intentionally" or "accidentally" the mouth region.
This question was investigated in the following longitudinal study from 24-36 weeks gestation (Reissland et al., 2013) . In this study fetuses were observed in 4D scans. Results indicated that fetuses increased significantly the proportion of anticipatory mouth movements. These fetuses opened their mouth before touch occurred, which was related to gestational age with an increase of around 8% with each week of gestational age.
Additionally, there was a decrease in the proportion of reactive mouth movements, mouth movements which occurred in reaction to a touch. These reactive movements decreased by around 3% for each week of gestational age. Furthermore, fetuses increased the touch of the mouth area compared to the upper and side areas of the face with the rate of touch of the upper face area declining with age by around 9% for each week of gestational age and touch of the side area of the face decreasing with age by around 10% for each week of gestational age. These results indicate that fetuses, as they develop from 24 to 36 weeks gestation, do not only increasingly touch the sensitive part of their face, namely the mouth region and lower part of their face, but also they touch these sensitive areas more frequently compared to the relatively less sensitive areas of their head and face.
Furthermore, fetuses seem not only to anticipate touch when the mouth is positioned on a clear trajectory to their hand. Rather as can be observed in Fig. 5 of a 32 week old fetus turning the head to suck on the thumb. Fig. 5 . 32 week old fetus turning the head toward hand and sucking a thumb.
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According to Castiello et al (2010) , twins provide a unique opportunity to investigate differences in touch behaviour in terms of self-touch, other human touch and touch of the uterine environment, such as uterine wall or placenta. hypothesized that the kinematics for arm actions aimed at a social target which in adults have been found to differ from those aimed at a non-social objects , would differ in twin fetuses. They found that movements toward the uterine wall at 14 and 18 weeks gestation did not differ. However, the proportion of self-directed movements was greater at 14 than 18 weeks gestation but movements directed toward the twin were greater at 18 than 14 weeks gestation. Hence, twin fetuses, as they grow older, seem to direct touch in preference to the other fetus rather than themselves. Kurjak, et. al. (2013) examined twin pregnancies in 4D in all three trimesters using the KANET scoring system found no statistically significant differences between singleton and twin pregnancies. However, they also reported increasingly complex touch behaviour as the pregnancy progressed. Hata, et. al., (e.g. 2011 Hata, et. al., (e.g. , 2012 ) published a series of 4-D ultrasound studies on inter-twin contact and reactions to touch during the first trimester of pregnancy. They found, comparing mono-chorionic diamniotic (MD) and di-chorionic di-amniotic (DD) twins at 10-11 weeks gestational age, a significant difference in the total number of all types of contact. Based on these studies Hata, et. al. (2011 Hata, et. al. ( , 2012 suggested that the frequency of the type of inter-twin contact at the earlier gestations from 10-13 weeks might be due to early fetal neuromuscular development and differentiation of the neuromuscular system. Arabin, et. al. (1996) analysed touch reactions of twins from 8 up to 16 weeks gestation using 2D scans. They report increasingly complex interactions from 8-16 weeks gestation with touch of the twin observed at 12 weeks not eliciting any reaction from the twin and complex touch which they called "embrace" being observed in diachronic twins at 16 weeks gestation. Such embrace can be seen in the figure   14 below of dizygotic twins (25 weeks 2 days old) where the girl fetus wraps her arm around the shoulder of her twin brother (see Fig 6) . 
Visually guided touch
Some suggest that prenatal hand to mouth coordination should occur without visual cues because even if the fetal eyes are actually open, there is little light in the uterus (Butterworth & Hopkins, 1988) . In fact, more recent research has shown that there is enough light in the womb permitting the fetus to see his or her hands. Specifically eye blinking which can be observed in utero (see fig. 7 ), is an indication that fetuses might react to different light conditions (e.g. Del Giudice, 2011). In a 2D scan analysis of 18 fetuses, Petrikovsky, et. al. (2003) examined fetuses between 33 and 42 weeks' menstrual age and found that fetuses blinked with a mean frequency of 0.1 movements per minute of observation. This increased to 0.25 movements per minute observation when fetuses received vibro-acoustic stimulation Hence touch and sound sensations affected amount of blinking.
Discussion
This short chapter has provided the reader with an overview of prenatal touch in singleton and twin fetuses and illustrates how far we have come from the early days of fetal research when fetuses were seen to be as sensory deprived. Instead, we can now have a clearer understanding of fetal development and brain function through analysis of prenatal touch and movement.
As the first sense to develop, touch plays a critical role in the early stages of fetal development. The new research examining brain function in utero as well as different types of stimulation including not only vibro-acoustic, different types of sound and light stimulation indicate that fetuses are prepared for life outside of the womb. Lickliter (2011) argued that the fetus is prepared for life post-birth in the constrained environment of the uterus. Not only is there the constraint of the womb limiting and regulating the type of stimulation but also the amniotic fluid buffers stimulation in terms of relative amount, type and timing. These patterns of pre-natal controlled stimulation are essential for healthy development and any alteration will have an impact on brain development, as can be seen in premature birth. For example, consequences of an abnormal touch environment provided in the Neonatal Intensive care unit has profound effects on the developing premature brain (e.g. Als, et. al 2003) .
the consequences of their touch behaviours and thereby demonstrate "social actions" from the 14 th week of gestation. Although I agree with Castiello et al (2010) in principle that fetuses show behaviour which can be interpreted as action planning, I would agree with Pezzulo & Castelfranchi (2007) , that the observed behaviours do not include cognitive representations.
Hence fetuses behave as if they planned an action, as a precursor to later development which includes the cognitive representation of that planned action.
Prenatal touch serves the function of mapping the self vis-a-vis the other, where "other" can be either another human being or the environment of the uterus. It is therefore one of the earliest instances of human engagement with the world and, as such, more research must be done in order to understand it better. A next stage in advancing this research would be to include compromised fetuses, such as fetuses restricted in their ability to feel, touch and move in order to establish whether they will be delayed in their action planning behaviours.
